
SCFOREWORD

This report presents the results of visual and photographic
underwater surveys from the shoreline to a depth of 600 feet

along selectedi routes off the eastern coast of Andros Island,
Bahamas. Additional oceanographic and meteorological data are
included which were obtained during previous surveys. This is
the U. S. Naval Oceanographic Office's first survey utilizing
SCUBA equipped divers and submersibles and represents a further

expansion cf our data collection and survey capabilities to

provide a more lucid presentation of ocean environmental
characteristics

Tie survey was performed to provide information applicable

to thc installation of submarine cables in support of the U,, S.

Navy's Atlantic Undersea Test and Evaluation Ceater.

ODALE D. WTERS, JR.,
Rear Admiral, U. S. Nauy
Commander
U. S. Naval Oceanographic C"fice
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INTRODUCTION

Between S through 20 May 1964, the U. S. Naval Oceanographic Office
in co6jwiction with the U. S. Naval Photographic Center performed an
onshore and underwater cable route survey off the eastern coast of

Andros Island, Bahamas. Surveys commenced ashore and proceeded under-
aater offshore along predesignated bearings to a depth of 130 feet.

Survey sites were Salvador Point, Big Wood Cay, Colding Cay, and
Deep Creek. Following this phase of the survey a similar operation
was pursued off Fresh Creek and High Point Cay in June 1965. In
addition, a manned submersible (Perry Cubmarine PCS-B) vas employed
to investigate the bottom to a depth of 600 feet off Fresh Creek,
Big Wood Cay, and Golding Cay (Figures 1 and 2).

The puri.ose of the survey was to provide information on the
nature of the bottom for future submarine cableinstallations off
Andros Island in qvport of the U. S. Navy's Atlantic Undersea Test
and Evaluation Center (AUTEC). Additional information regarding
oceanography and climatology was obtained prior to these operations
to fulfill other project requirements.,

FIELD METHODS

SCUBA surveys to a deth of 130 feelt were conducted from aboard
Its R/Y AQUANAUT out of Nassau, New Providence island, Predesignated

onshore cable termination sites were iocated ising aerial photo-
graphs and survey monuments from previous site sv-veys. Survey
tracks were established by positioning a transit over the onshore
site marker and sighting along the proper bearing. At a measured
distance from the shoreline, and guided by shore signals, styrofoam
marker buoys were placed at intervals along the track. Subsequent
to installation of the buoys, Jivers took still and motion pictures,
sewles, and measurements of the bottom at each buoy and betueen
buoys uhere a thange in bottom chlaracteristics occurred.

Diving eperations with PC3-B commenced immedi itely seaward of
the barrier reei off Fresh Creek, in the center of the boat channel

!
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between Big Wood and Gibson Cays, and several hundred yards east
of the center of Golding Cay. In all cases the commencement point
was established with Decca Mark X and the subomersible then proceeded
due east along the bottom to a depth of 600 feet.

Still photographs ashore were taken with a Press Type 4' x 5" still
A-• picture camera; underwater stills were taken with a 35 mm "Calypso"

camera. Motion pictures were made underwater with a "Sampson" under-
tater camera using artificial and natural light.

GEOLOGIC SETTING

AMidros is the largest of the Bahamian islands. It is centeied
at approximate latitude 24*29'N., and longitude 77*52'W., on the
Great Bahama Bank, and constitutes the western land boundary along
the majority of the Tongue of the Ocean (Figure 1). Barely more
than 30 miles wide, the island is approximately 90 miles long. A
network of tidal channels and marshes, calcareous mud, and mangrove
thickets characterize the geography of the west coast of the island.
Conversely, the east coast is well defined by alternating deposits
of sand and beachrock. A barrier-type reef extends along the eastern I
coast of Andros and is separated from the island by a shallow lagoon
which does not exceed 3 fathoms in depth.

A major part of the island is covered by low shrubs and trees
supported by a well-indurated, medium to fine-grained, oolitic
limestone. There is virtually no topsoil covering the limestone
country rock; instead, a few inchas of humus collects here and there
in the cavities and depres:ions honeycombing its surface.

The lagoon av',rages one mile wide -.nd a maximum 2 to 3 fathoms
deep. The lagoon floor is an extension of the Andros country .-ock
and is covered by a varying thickness of medium- to coarse-grained

calcareous sand. In some areas (Fresh Creek, Salvador Point, Deep
Creek) the snnd is as much as 5 feet thick, while in other areas
(Big Wood Cay; Golding Cay; High Point Cay) only a thin, shifting
veneer is present.
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The reef off the eastern coast of Anciros extends from the Berry
Islands in the north t-3 Pigeon Cay in the south. It varies in
development,, does rot present a sollid barrier throughout, and ts
more pronounced at some locations than at others. According to
Newell et al (1957), the reef consists of a narrow ridge of oclite
which Y3-e Iin places to form smal cays, and in certain areas has
been overgrown with algaLe-cora-l encrustations which form a broad
underwater ridge several hundred feet- wide.m

Seaward of the reef an outer platform extends eastward a quarter
of a mile or more. The platform terminates abruptly at a depth
btween A4 and 16 fathoms where a sha2.? break-in-slope occurs whichI

serves as the boundary delineating deep from shallow water. At the
break-in-slope an escarpmen descenids almost verticallyr to depths
between 100 and 120 fathoms. Below this depth, the slope gradient
decreases continuously toward the deep sc-q floor in the center of
the Tongue of the Ocean. The uniform slope seaward of the outer
platform is interrupted in several places 'by terraces which parallel

4 the barrier reef.

PREVIOUS STUDIES

Prior to this study, considerable effort was expended on AUffEC
site sarveys in connection with base construction. ard dredging,

Oter studies, not cornnect'id with the project, provided oceano-
graphic inforzation of general and specific interest.

N4AVOCEANO performed bathymetric surveys of the lagoon and
reef areas off all, the sites, as well as in the Tongue of theS
Ocean, which provided coverage of the areas studied herein.
Private organizations performed surieys of the land sites for
construction Durposes and provided detailed topographic maps.
in so ". instances, the contractor~s mado soil borings in the
lagoon to determine the unconsolidsted saund thickness.I

Newell et al (1957) charted the entire Andros reef a-ad their

results pr67-d-e an excellent and detailed guideline for this

0all
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Tidal measurements irtiti.ated by NAVOCEANO (IMR 0-21-64) in 19631 ~have bear, reported and are continuing at Salvador Poi;;t and Fresh

iDeLeonibus (1960) calculated theoretical wave heights under vary-ing
conditions of wind and fetch in the Tongue of the Ocean.

Meteorological data were provided by the Bahamas Meteorological

Service which maintains a permanent observation stastion at Mangrove
_ Cay, Andros Island,, ard other islands throughout the Bahamas.,

{ ~CLIMATOLOGY AND OCEANOGRAPH-Y

j JMonthly air temperatures, humidity, rainfall, and wind speed over
j a four year period at Mangrove Cay is presented in Table 1. Seasonal

and annual wind roses as measured frca Ncivemlier through October 1963

are shown in Figure S. No wind direntions were available from 1957
I to 1960.

Winds approaching hurricane strength are most probable in the

months of August, September, and October when 79 percent of the

I ~TIDES j
Tidal corrections to be appli-ed to tide predictions at Hampton

I ~Roads,~ Virginia, from Fresh Creek, Salvador Point, and Pigeon Cay
are prosented in Table 2. Tides in the Bahamas are semi-diurn~al
with a diurnal inequality, and show a mean range of approxim~ately

I speed ( <0.2 kts). I~n the Andros Bights (e.g., betwfeen Big WoodI~ ~ ~ ~n Gizo Cfe ialys indue cLurrent ian teahe lanotn. egnea o
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Table 2
Tidal Differences Relative to Hapton Roads Predictions

High Water Low Water

Time Height Time Height
hr. min. ft. hr. min. ft.

Fresh Creek -l 12 +0.6 -1 36 +0.7
Salvador Point -i 41 +0.9 -1 42 +0.7
Pigeon Cay -1 05 +0.9 -1 05 +0.7

WAVES

The barrier reef provides an effective breakwater for waves generated
in and outside of the Tongue of the Ocean. Consequently, much of the
shoreline on Andros is protected. A wave height of one foot inside
the windward lagoon is rare. Along the eastern shore of Golding Cay
and High Point Cay, where there is a sheer rock wall over 1S feet
high, waves may. however, exceed the one foot height. Th*re is "
no barrier reef to protect either island. Consequently, the sea-
ward side of the island receives the fuil force of all westerly
waves.

In the ?ongue of the Ocean, theoretical wave heights of 11.3 feet
can be generated at a wind speed of 26 knot,. DeLeonibus (1960)
presented Figure 4 which represents observed seasonal wave heights,
direction, and frequency in the Tongue of the Ocean. From the same
report (IbidQ Table 3 suam•rizes the most probable wave heights

- - from all7directions ,-`or wind speeds ranging from 10 to 26 knots
under unlirited duration at the downwind edge of the fetch.

9
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TaBle 3 •
O#•arisol•, of Possible Wave Heights in the

Tongue of the Ocean for Differer•t Fetch Orientatlon

•x. Fetch Wind Spred (knots)
Wind Length I0 l• 13 22 26

i. Direction (N.M,) Significant Wave Heights (ft)

• h•- SE 120 1,4 3.2 6.1 I0.0 11,3
N - S 70 1.4 3.2 6,I 6.2 6.3

NE - SW 20 1.• 2.8 S.O 3.4 4.5 SE - W 20 1.4 2.8 3.0 5,4 4.3

Some swell can occur as a result o• persistent northeasterly •inds
and a considerable a•ount may be refracted •round Clifton Point on
the western end of New Providence Isl•ud into the TOTe. i

i-

Site I is two miles south of the entrance to Fresh Creek on •
Andros Isl•nd. No specific bearing was follo•d dur£ns th• Site 1

Ssuzvey, Instead• th-• entire area delineated in Figure 5 w•s

•cormoitered •-ud representative bottom photographs were zsken•
Survey efforts concentrated on the barrier reef •d outer platfo•m

i where divers were towed underwater on plane boar•s nor•l to the

reef along tracks positioned with Decca.

i The backshore area consists of a sand dune 3 to € •eet high

covered by low shrubs •ud bushes which •erminate sharply at the
beach face {Plate 1), The beach consists of a medium-grained•
calcareous sand sloping g•ntly seaward. The first several hundred
yards into the lagoon a clean, s•ndy bottom is present; proceedin•

Stoward the reef the sand thickness decreases and overlies the
extension of Andros country rock into the lagoon. The lagoon
bottom supports a thinly populated community of various marine I

Sorganisms, in places where the bottom has little or no sand I
- veneer the org•u.isms have concentrated to form a local topo-

graphic high 5 to S feet above the general lagoon depth of

Li- )
i:

} ? -- q.
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In tho Baham~as, L~alizect Nreas~ of luxuriant ma-ine growth
(torals, algae, sea fans, ettc.) cre called "heads.'ý Tthis tem~
will be applied to desc~rlbe suich feature3 here.

The lagoon is 1500 yards %wide jad transition from lagoon to reei
isabrupt and marked by a slvarp decrease in depth 2 1d, an incrvase

in bottom org.~nisn5.

a migbten20t 0 feet wide, the barrier reef provides
a shap deineaica lgoonapd urer platform (lt )

The reef iz dominc"itly periuli.te1 by WuE o)ridac, Acropra Paluata
A arici a ar cite4- and variouzs alcyonaians Ta)7ALSF
t1Mete TifTir.-X~s the surface in stbve-.al areas and, although
a few chamitls provide passage between. lagoon and outer p'latfdorum
gener~lly presents a soli;d 1b.rrier in the area reconnoitered.
Approxfimzte3y 100 yards south of the southern bounda-.y of the
area stadiza, -the solidarity- of tho reef giveis w9ay to scattered

W ~hoads separated by wide chaine 10 to 12 feit deep.

A sharp increase in d--pih, and a decrease in coral abundance,
marks th~e eastern oz seaward termination of the reef and cowience- M
mont of the outer platform (Plate~ 2). Extending approximately 500
yards from barrier reef to marginal. escarpmeut, the onster platform
rang-s. froza 10 feet to 120 feet deep, and termAinates, sharply into kl
a pmacipitc--s tipier marginal or rim escarpment, Between the
b.-rrier reef and 20 feet d.-pth the outer -latform cow-Lists of
a ha~rd bottom covered by a Ctin veneer of coarse sand with
oc~casional gorganizans and scattered massive cordals., e.g.,

ip o4via s rigosa. In depths g!-eater than 20 feet the population
ofc-iraTs a-nd othWer marints o-.ganisus gradually increases to the

ivoint where, between 40 and 60 feet, a virtual forest of corals
is present. This "coral forest" is dominated by tall columnar
forms of Montastrea annularis. These range from 15 to 2.0 feet
high and are dassectiiW&7t'1T"ndly zeraminating channels S to 10
fr~et wide and floored by a loose, coarse sand (Plate 3). The
luxuriance and variety of marine life on this area of the vu*ter
platfora is extraordinary and attests to the 'vigorous wate~r
circulation neccossary to support surh a coamaatity. Betv4?,ýýn 60
and 80 feet in depth the corsi abundance g=%rdually decreases
and gives way to low (2 to 4 ft. high) heads arranged geneirally

in a spur at d groove configuration norwal ',:o '.he reef. Frt"n

13



100 t6r 120 Loet in depth th6 hard outtr Platforma departs from its
gciutle seaward slope. rhere it assumes a dip betwecsn 30* and 40'

w~hteruainatfts at 120 feet v~ore a tarrace approximately ISO17feet wide extends to !A fee' depth At the top of the rim escarp.

SALVADOR PO111T (SI~h2

Site 2 is located 16 miles south ;;,f Si t3 I and 1S mailes south.-
southwest of New Providtlice lslt~nd. The shoreward cable re-zaination

4is at le-titude 24*29'25"N., and longitude- 77*43-9.4W~. ThiLs
IT ~co-ordinzate is 250) yards inland of the high water line andj ~approximately WO0 yards north of Ohe settlement of Cargillvs

- ackshore srea of Site 2 casr~ists of a 6 foot sand dune which
'-4 sand is tedium-coarse grained calcarenite which overlies, in-m~ excess of 3 feet at the crest, a well-in~durated beach rock. fThe

beach face terainates abruptly at the low tid~e terrace and is

A ~replaced by a hard limestone dipping gently (2-3') se.tward.
4 sculptured with depressions and cavities a few inches oip and

I over 1 foot across. The low tide terrace terminates approximately
1 350 feel, seaward of the beach face (marking the limit of Hean Lowi IWater). A few hunrked feet aceaward of the foreshore teraination

j the bottom r,3nsists olF a mixed coaunity of small corals, calcareou:,
algae. and sea fans growing tun stdimerged beachrack. This 7kited
community diminishes 200 fftt seaward of MLW atid is replaceda bya

I mzedium-grtaiAed sand and gr--ss association. A typicai? zection of
the laV=o botton off SalvAdor Point is shown in Plate, s, There
is little variati;)n in the sand-grtss association along Time t,'e~k
starvayed, and all indicirzions. suggest a stable b~ottom. 3et!hy-xetry
of the area from Ilhe shoreline to the brea"--in-a lope it presonted

in Pi gure 6.

Near this barrier reef (Buoy 8) a large beid siupyn'q~zng cornl12
uAn hydrocorals of the genera Diplria, LraVia, ýsnd Hillepora ca;
well as alcyonsrians and other organisms appears, late 6).
'.his is the only departure from the sand-grass zs,.wciation.

1 14
--4I



- r

7 1

3 LU

.4 - j - t

*1 - 4 4 1 4Z

Z~ -P - D

.4-Tg 
0 44. .

4414

1.4~~~~ 44- - .. .. 4 -

_ _ _ ' .; Z

4. I : - - - -. 4 a



i if

?ir"isition from lagoon to barrier reef' is abrupt and characterized
:~42i ~by a 4harp, decrease in depth and change in bottom characteristics.

Mhe reef is extre~mely rough wit. numerous corals and reef debris
up %o 3 to 4 feet %ý-ross (Plate 6). The most shallow portion of
the rttof is sOO t;o 400 feet wide and, in some areaso awash at low

lueiatety seaward of the reef a sharp increasc in depth occurs,
and ;t 14 to 16 fathoms the break-in-slope is reached. Below the

brek~~n-sop~ths bottom is essentially vertical to 100 fathom.,

lamediately adjacent to the seaward side of the reef, on the outer
platform~, ar6 coral. heads ranging from 2 to 10 feet high which present
an extremely angular, irregular, hard bottom. Seaward, this

-~ - assocortio hieds way dseted su intd groovel cnigutr2aetio dee ahic
the oiaio gies wy t ar dispertad groovanel c5 o figurato iee waic
wide. The buttoms of the grooves or channels are hard and covered
by a thlth, shifting veneer of 3and, loose co~bles, and boitlders.
The spur and proove configuration is obscured near the break-in-'
slop* owing to an increaso in sedentary organisms.

In essence, the barrier reef and the outer platform consists of
a hard, irregular bottom incised by channels and grooves, and
reflects an area subject to vigorous water turbulene~.

I BIG WOOD CAY (SITE 3)

The survey at Site 3 commnenced ashore at approximate latitude
ZA*20118.3"N., and longitude 77014'100.45'"W.. 300 yards west of the
eastern shoreline- on the southeast tip of Big Wood Cay. Bathyme-try
along the survey track of 0580 to the break-in-slope is shown
in Figure 7.

Loose sandi 6verlying a well-indurated limestone composes the
backshare, I~mmediately west of the dune crest a stand of Palm
trees gives way to thick, dense shrubs (Plate 7). A few hundred
feet inland the sand covering is absent and rcugh, angular lime-_
stone supports thickets if mangroves and other low brash.
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The beach face is staep and C-Onsists of an tzcon~solidated,
sodium-grained calcareous sand. This is a rulatively narrow zone
with the lateral distance fron crest to the contencement of the
low tide terrace approximately 30 feet. At the low tide terraciso
the sand terminates abruptly and is replaced by a hard,, wellI
eroded limeastone. The low tide tarrace is 275 feet wide along
the survey track and is similar in appearance and composition to

___ the terrace off Salvador Point. Occasional tide pools are present
in the beachrock which provide local topographic irregularities.

The lagoon bottom between Big Wood Cv~y and the offlying reef
* ~Yories siubstanticlly from the bottom off Salvador Point. Here

the bottou eons ists of hard, eroded, and fractured rock which
supports numerous and varied organisms, Seai fans and whips
dominate the area and scattered coral heads provide relief of
from I to 2 feet. Plates 8 and 9 are typical of the bottom

I throughout the lagoon. Lack of a thick sand covering and marine
_A ~ grasses indicates strong wate.r circulation. Circulation is

periodic and controlled by the ebb and flood of the tide in. thef1 channel between Gibson and Big Wood Cays where a current speed of
I knot can be observed.

The barrier reef is less t'istinct along the survey track- off Big
Wood Cay than at Salvador Point. and is delineated by aax increase

2ý _- _7in coral abundance and species. A few hundred yards north and4$ south of the survey track, t?.,) reef is well-developed and stands
a few inches above the water surface at low tide. Seaward of
-tho reef the outer platform is similar to that described at
Salvador Point.* Tine bottom changes from a forest of coral heads

off-reef to a spur and groove configuration in intermed~.ate areas,
and finally to a texturally rough~ and abrupt break-in.-slope

GOLDIN4G CAY (SITE 4)

Goldng Cy isa ~' 'a7-2 "o ated in tue entiance to South~

bight. The, cay, is 600 yanrds long and 43-0 y'ard, vtide at the iaaxitmum.
It is 25 feet. bigh ini the center and r4 ses abraptly on tht asst1~~-.from water depths in excess of 25 feet a-id slopes more gradually

4.s
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westward into the shallow South Bight..

The survey commenced at latitude 2401a"08.6"1N., and lontgitude
* 77*36'll.0"W., and followed a bearing of 1250 from the eastern

si4e of the island. The surface of the cay is covered with low
shrubs and bushesD except the eastern margin where variou~s grasses
prevail, No soil covers the cay,, but instead a hard, extremely
rough: irregular limestone coilstitutes the surface (Plate 12).
The eastern shore of the cay is distinctly different from the
shore at the previously discussed sites. Instead of a sandy,
gently sloping beach, an essentially vertical, bare rock wall
descending to a water depth of 25 feet is present. No barrier
,*of protects the cay from surf action. Therefore the full
force of all waves coming in from the Tongue of the Ocean i.s
sustained along the eastern Mhore (Figure 8).

Between Gqlding Cay and the rim escarpment, the sea bottom
supports a luxcuriant and varied community of organisms. From
the shore to approximately 1,500 yards seaward, the bottom is hard,
rough, and covered with coral heads as much as 10 to 1S f'eet in1K
height and diameeter (Plate 13). Locally, ripple-marked, sandy
areas separate the heads (Plate 13D)). Approximately 1,400
yards from shore, the virtually continuous coral growth breaks
into isolated clw.Vs separated by areas of coarse sand. Beyond
this to the break-in-slope, a barren sand with scattered
gorgonians and soft green algae prevails (Plate 14). The
outer platform edge displays an increase in organisms and a
rough, hard surface (Plate 15).

DEEP CREEK (SITE 6)

Sitpe 6 is located on the Andros shoreline, 60 miles south of
Now Providence Island and I mile north of the entrance to Deep
Creek., The survey track commenced at latitude 24000123.3"N.,
and l~ongitude 77*31'44.0"W.., and proceeded alon~g bearing 035*.
Dathymetry alon~g the survey track is presented in Figure 9.
The bfickshare 4rtsz cor'sists ore low sh-.ubs and bushes grfowing
aton a well-indurate', eroded limestone (Plate 16). Seaward,
the bushes give way to a raw of coconut trees aad thei' to an

s. approximately 100 yards wide cousisting of sand dunes S
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I

I51 feet above mean sea level. The shoreline is straight, smooth, and
dips gently seaward.

The cotmtry rock, as at the other sites, continues out int .-he
lagoon to the barrier reef and is covered with unconsolidated sand
ranging in thiekness from I.$ feet nearshore to 5 feet at I uile
offshore.

The entire lagoon bottom along the survey track consists of a
clean, ripple-marked calcareous sand (Plate M7). Scattered
throughout thi lagoon are irregularly shaped patch reefs (heads)
ranging from a few feet to 300 feet across and, in many instances,
awash at low tide. The contact between sand and heads is sharply
defined and the change in relief is abruipt. The patch reefs
support a striking variety of sedentary and free-swimming

At Buoy 10 (1.6 miles from shore) a dense growth of grass
appears which gradually transcends seaward into corals and other
organisms (Plate 18). Buoy 10 is at the approximate location of
the barrier reef. Tha reef is not well-developed along this track,:•!_ and no distinct change in bathymetry marks its boundaries. Seaward

vi _of Buoy 10 dense coral growth dominates, and assumes the same
pattern as at Golding Cay, e.g., isolated heads and sand areas.
This pattern cCntInues to the rim escarpment,

HIGH POINT CAY (SITE 7)

I- I High Point Cay is the southernmost site studied and is a sizall
cay located approximately 700 yards east of Andros Island and 50

A miles south of Site 1 at Fresh -reek. The cay is 1,700 yards
long, 300 yards i-- and reaches an elevation of SO feet on theI- !ta•-tern. end (Figure 10).

t The survey commencod at latitude 2354'01"N., and longitude

A : 77*29 20"iW., on the north shore of the eastern end of the cay.
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At this pitthe etavation is 47 feet and the shoreline descends

Proeedng lon berin OS* fr adistanze of 1,750 yards the
botmconsists of a hard limwstoz'* covered by a thin veneer of

coarse sn.Occasional soiitary corals occur along the track to
Rua/ S Inaddition there are i~solated heads supporting a sparse

maiecoummnity (Plates 20 as4 21 A .0 B). In the vicinity ofI
Buoy 9,, h bottom changes to a head-sa~nd association. The
heads are generally 4 to S feet high and up to 10 feet ý_ross.
Proceeding due east from Buoy 10 the headg increase in abundance

consists entirely of hard, angular corals and algae supportingt thara-nsoewihocr a uy1,w~etebto
varity f sftsedntay organisms (Plates 21 C & D to 23).

Thouper mat g iecrmnti htae between the break-

jfathoms depth) and -che TOT thenk to 100 fahm deto. Th~e
IN0 fathom contour is arbitrarily selected due to the depth
liai~ttion ofthe surveying vehicle. The concens~is of opinion

-i(3chalk, 940Armstrong, 1SNewell anid Rigby, 1953), places
th botmlmta oun 1,1 fathoms. Athearn (1963) presented
and discussed in detail the bathymetry nf the TOTO and stated
thut the .lpsappear to be roarly vertical in the upper 100
fathoms with a distinctly le3s steep slope below. Detailed
bathymetri,. surveys by NAY0CaAND off the sites discussed here

show results coxpatible to those of Athearn (Ibid.) and places
the lower limit of the rim escarpment between 11 and 130 fathoms

Four areas of the rim escarpment were studited by proceeding
due east from the following locations to a depth cf 600 feet.

~ 24



Di ve No. Latitud (N) (mnfitula ýW V59ttýft%

Fresh Creek 1 2 4' -V.1 1 17446
Fresh Creek 2 :;"43 ~ ýic4S.3' 12
Big Wood Cay 3 24410..01 77*41.251 16
G~olding Cay 24 13~.24 77*36.01 30

A sketch showing the major ftatures and their depth of occurrence
is preseited in Plate 24 which is a composite representation of the
wall as derived from data collected on all dives. Realonally, littlIe
differenco is presznt in the rim character 4stics at all i~o'r l~ocations.
Thse spur apd groove configuration which is distinct and exte~ids to
the break--.n--s lope at divc locatio-n I is less distinct ait dive 21 and
not present at dives 3 and 4. Also present at Ji'ýre I is a well.-I defined niotch in the wall which con%,ncea at, 170 feet ;%ad ends
abrupt ly at 200 feet. This notch is contiau~us ýFor wtre thtan 100
yards on both sides oi~ the survey line and penetratL-s in excess of
20 feet into the vail'. On the romaini ng dives no ~iall -de:Lnod nw.tch
was obser'ied. The similarity of this notch to the intartidal notches
obsterv~sble at the baso of present. day Bahaxia-a cars and islrnds is
strikizg, (see Plate NIC of High. Point Ca~y) arzd strongly suggests
formation at. a previous loiter sea level.

-~ Typicaliy', the riv *esa-pzent between the break-~in-slope uid 400~
to 450 foot (Ieptbs consi-sts of a hard rock wall texturally rough
and thoroughly sý.:iilrtured by %;&vos), small terr,,Aces,, and itotchew
ranging from a fe.w fee-c to 20 and 30 feet ma~ptude and covered
with a I:hin veneer of sand in the crevices arsi on the terraces
tPiate 25 A~i.Between 4GO and 4Sf) feet in depth these feetures

4gradually dintinish and, while not completely absent, give way to a
wall rif swoother appearance. though still texturally rough. This
configuration continues to 600 feet and at least 20 to 30 fevt
deeper. Visability at the 600 foot depth was between 20 and 30
feet with ambient ligbt. Occasional large biocks of rock can
be observ~d at this depth wh-4ch have broken off from above and
slid downL the escarpm.eat. Although the wall still appears vtrtical
at the 600 foot level an increase in the coverage rLnd thickness
of the, sand veneer suggests a decrease in the slope gradient.

At the 350 foot level minor uindulations trending parallel
to the wall are appa'ent. These un&dulationis are no more than



I I

as tho coinence wt of the gullies described by Athearn (1963) whnich
f oot from crest to trough and 6 feet across and are present beyond

th4• 600 foot deph (Plato 25C). It is tempting to consider these

are prosent in the slopes below IGO fathoms and which reach a
magiytude of 600 fte: in height and I mile wide.

Direct mosurment of the wnll's slope gradient was not possible
from the submersiblo, When the subnrsible proceeded horizontal1y
ut A dizance of 4 or 5 feet ft!m the wall, abcve the 400 foot
Revwle the ourse lead frequeatly into a cava or under an over-
hang. If th submersible was held a fre feet fro- the wall the
view thzough thi bott", viewing port shiced nothing but wete-r_-

directly balow. A.Ithough this is a very rough measuze4rnt atbut•, soue defii~iti"• wasursaent was provided at dive site 3

off Middle Bight where rever> l underw&ter cables leading from
shallo to &e (A >-10 ixs) vatsr were present. From the top
of the rim escarpment to 600 feet the cables were 30 to 60 feet
ntAy troai the wail and naenr were observed to lay against the
wall (Plate 25). Since the cable length is sufficient to allow
the cable to lay ont the bottom s arrangment attest to the
roe~p slopes present ir. the upper 100 fathoms0

Marine organisms such as algae and coral are present in abundance
to 200 feet and decrease decidedly below this dopth. A speciren of
the reef coral Agarcia sep, was observed at 340 feet while gorgonians

•- and sponges were o served to S40 feet. Below 500i feet the wall is
essentially devcid of se.entary organisms visab2e to the rwnad eýv,

3t: _•:½• 5 r oepw taaitho sequence of photogrmjhs showing the rim escarp-

-eut off Ove wsiZe 4 (Golding Cay) is qhouw in Plates 26 and 27.

SU1ýIAf AND 321CLIS IONS

A graphic presentation of tbht major shoreline, lagon, reef, atd
outer (seaward) platform featureo of the sites studied is pnsseteod
in Plate 28. Although a detailed survey of the lagoon off *resh
"Salvador Point. Salient characteristics of tue areas studied are

as follows:
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a, Where the baiv-ýier raef is wel~l devielop--d the lagonn
kbottoje tenes *.ovard a thick szmti avcxonlation and stabilityý An
exception is Bi Wooti Caiy -4ich is a~qpicx1 bectuse of strong tidal
curr-wits sweeping the 14i~i41 Right Qhannel.

~.The barrier reef becomes less distinct proceeding from
north to sorith along Andros Island.

* . c. Where no barrier reef is Present, -. g., GCxl;Iing Cay
and High. Point Ca)y, the bottcin is Crciz by seattered large
coral-algal heads ani a thin veneer of coarze 3and.

d. The -outer platforma sirpport!' a wre lu~mriant coral-algal
ýnd marine community whecre barrier reef devel-opivent is~ stro~igest.

e. Dominant reef corals in the m~ajor zones are:

Lagooms - Favis f~m Siderrastret a-adians. Ma~4nicina
arvolata Prites ptrites, aM U-ccasMi9iF

~bplriastrigosa.

Barrier Reef - illepra Sp., ýLaicia aggaric~tas var. sA
crasra.crov'gra amt.

Outer Platform Montastrea annulai~is, Porites astreoides.
AcroFora ciMc-rn1-

Rim Escarpwrnt - Montastrea cayerwosa, Agaricia sp.,

f. The outer platform slopes gently seavard and is interrupted
i.n some areas !; terraces running- paraallel to the reef. The surface

* of the platform is hard, texturally rough,, and has mimerous local
topographic irregularities (e~g., spurs and groovat,, scattered and

The upper marginml or rim escarpment comeences garw~r.1ly betwieen
* ~14 and PF, fsthoms and descends alzwst ver-tically toi depths in encess

of 100 fathoms. The escarpaent facs Is thoroughly sculptured by cavas,
terraces, and 1tot~hes strongly sugqestiný: fternrar expas-i-v to sWD-wrerlal

or intertidal erosion. Below 450 fett ;r dzp&. these fcatures diminish
~isize and frequency, and the wall, while still 1txtiuxally xough~, 1

appears sometthat smoother and SedinaeWt 3,U=IatiOn is greater.

27
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• •8 t1o- 501 fe~t lavge mzrine organisms an, not prasent and a desolate,
barren bo-to. 4.s evidenced. Occasional large blocks of reef rock or

soct•ons of the wall which have broken off from asove and slid down-
slope are present at the 600 foot level.

2.

gIIg•:r

I1
2I:

I . .. .-



RE FER~ENCE S

PxrDstrong, J. C. 1953 Oceanography in the Tongue of the Ocean,
Bahamis, B.WA., Office of Naval Research, Nonr-04501, 12 p.

Athearn, W. D. 1963 Bathymetry of the Straits of Florida and the
Bahama Islands, Pt. 11. Bathymetry of the Tongue of the Ocea4n,
Bahamas, Bull. Mar. Sci, Gulf and Caribbean, v. 1I- no.*3
p. 365-377.

DeLeonious, P. S. 1961 Observed and theoretical significant wave
heights - Tongue cf thte Ocean and Exuma Sound, NAVOCEANO
IMR No. 0-4-61. (Unipublished Manuscript).

__Nowell, N. D., and J. K. Rigby 1957 Geological studies on the Great
Bahama Bank, Soc. Ezon. Palcon. and Min. Spec. Pub. No. S,
]n 7

O.-anographic Development Division 1964 Tidal measurements in the
Tongue of the Ocean, Bahamas, NAVIOCEANO MR 0-21-64 (Unpublished

Schalko M. 1946 Suzbmarine topogaphy off Eleuthera Island, Bahamas,
(Abstract), Bull. Geol. Soc. America, Y. LVII, p. 1228.

29

3.L



<LL;

usO

orU

'I'm

- ~~~~~ ~ ~ ~ ~ ~ C -Co---- ---- ~--.-.-,----~



jj

LLit:j
LC

U-

*vvLt, Us

- a;

LUS

EUj

I U-

ca js <

L"

II



IAI
ýAW I- ul

00 u ut

LU_

0 >.

~W a *Ll* Z I-

zo a.0

uf -. ia

0.

33r

-.--- LL

Z C3 -2



-VIP

LU0~

Co-J

uj0

I-M

Zu.

U:' I- LLJ

! ~ t -h >LU

y y
Ui

0 -j

z z

CLl

34



-?-"

2:

0 4N

e= 02:

U- _L

WC-

35U



- - ~-- - - - - c

- A L

'7n.

tLU

'Lit

LU ad

cvoI0I~ ciwu

:tLL.

ii
<LN

LU

0-

-IU

* 
%n

S. -
-

- - ------

- 4-~--



LUJ

'4A

U.

CIO

I.--

-U

LU

ALL i1L.-~ a0

37i



IL

b~aLa

CI
~uu

a z

Ui

on 0

JII

IL
FkLA

381



* -

0

0 >>

u-i

u-i

u-I

00

0 Z-

D'.C

3,l

t 
>4

1", I5A

"Err
44A

- 545



IB
IMA

e'J

Li-

co,

U-

I,-

ce<

<0-v

0-0
Le.

400



1L

-U-

goo

4..J

~c

owlI~ 1 -

/ jj

L- 3

LU

LU

>7 z
U -

2 VI

00>

41

. .... .



-ct

& i- -- - A

II

AA

00

0 _

i Y-6

42



$ c 3

coR

oU

zoat

00

UJ

C')

'Ve

4:0
4Z

C.) 3



I jj
I-

U-Lt

SIL

4A CztIu
I I-Iu

IL

LL. IH .if

Vt0
IJ Co



w~ A

z

UU
<0

uj:

45u 0



MIN

IL

LU

IL

f LU aL J

mg--

LU

LUUJ
i NNMI,

JUU

I -I

46 x , - ~ y~



IVI

<0

'-5

co

4g

,j U-

47z



-~~~~~~ -~~ - --. '. wt--'-l!'-- -

44



Cie'

I ww

ma4

LU1
NE

ccw

- I-- Z

49

a~- c -



VV

AA

~C-1

I I1

'IN

50~



4: 80

II

I ~LLJU

i[;.

ILU-LL



u-i

LL.

0

~LZJ
w

LL



firr

~3-

U-



100 It

TERAE OUTEr LTFR
HARD. AN4GULAR SURFACE SPUR
A 'IC GROOVE CONFIGURATIO'-N
WELL-DEFINED T0 OBSCURE.
MARGIN ABRUPT AND SOME.

200 ftTIMES OVERHANGING

NUMEROUS CAVES, TERRACESj

AND iREGUA~RITE

LO1CALLY CONCAVE FEATURES300 ft. STOGYSGESIFO IB
I AERIAL OR INTERTIDAL EROSiON

THIN SANDE ON COERGES. O
LUXURIANT CORAL GROWTHTO200 FEET GRADUALLY0DMINISHING AND FINALLY DIS-APPEARING BELOW 350 FEET

400 ft. 4

DIIIHBELOW 450 FEET.
WALL APPEARS SMOOTHER

_____WHILE RETAINING ROUGHTEXTRE.APPEARAN4CE OF500 t. -MALL-SCALE GROOVES TREND.
SLDTDSEDIMENT ACCUMU-

GRDIN APPEARS 'TO LESSEN
BTEN50 0 RAND 60 EE.

LREBLOCKS OF REEFROCp.

PLATE 24. TONGUE OF THE OCEAN, WESTERN MARGINAL (RIM) ESCARPMENT FROM

OUTER PLATFORM EDGE TO 6-00 FEET DEPTH.I
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PL4-TtA 25 NBý FH CADAIGSSOIGNjRFARSO I

PlAE 2. NGES OFF BiH O CEAN, (D)AIG SHOWING THAJSOOHR FEATURES OFRM

THE EXCARPMENT BELOW 450 FEET.
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